The temperature dependent crystal structure analysis in martensitic phase of Ni 2 Mn 1+x Sn 1−x (x = 0.40 and 0.44) magnetic shape memory alloy is performed using X-ray diffraction. The martensitic phase consists of 4-Layered and 14-Layered orthorhombic structure. The phase fraction of 4-layered and 14-layered orthorhombic structure change with temperature. Interestingly, the magnetic property also changes with temperature and corresponds to structural change temperature.
I. INTRODUCTION
The new class of off-stoichiometric magnetic shape memory alloys (MSMA) that exhibit shift of martensitic transition to lower temperature with applied magnetic field has gained adequate scientific attention due to shift induced attractive properties like giant magnetocaloric effects 1 , giant magneto-resistance 2 , magnetic shape memory effects 3 and exchange bias effects 4 . These fascinating properties make the alloys a potential candidate for applications in solid-state magnetic refrigeration 1 , magnetic actuators 5, 6 and magnetic sensors 6 etc.
This class of material are very important for replacing present way of cooling with hazardous gases. These MSMA exhibit giant magnetocaloric effect, also, with applied pressure that are comparable to reported present material for solid-state refrigeration 7 . Moreover, these alloys offer cost effective technology.
Since the pioneering work on exchange bias (EB) to mixed magnetic martensitic phase (MP) where co-existence of FM and AFM coupling is reported [24] [25] [26] [27] . In these systems the Mn2 are antiferromagnetically coupled to Ni and 
c cubic , respectively. The lattice parameters for all the compositions and temperatures are summarized in Table II . The contraction also along a-axis is observed in MP. The contraction in a-axis of 14L structure might be because transformation happens through 4L structure. The L2 1 structure initially transforms to 4L
and then part of 4L transforms to 14L. The a-axis contraction of 4L structure is observed, mainly, when 4L and 14L structure co-exist. The intermartensitic transition is reported earlier for Ni-Mn-Ga, Ni-Mn-Fe-Ga, Ni-Mn-In and Ni-Fe-Ga 32-37 . The stability of the MP is achieved by transition to either 14M or non-modulated structure mainly through 10M
structure. For present Ni-Mn-Sn alloys the martensitic transition to 14L structure is hap- and 14L (-1.023121 eV) are very close to each other. Nevertheless, 4L requires less formation energy than 14L. Thus, initially, the martensitic transformation from parent phase to 4L structure occurs. To accommodate the stress accumulation by 4L structure, the transition to stacking sequence 14L occurs. This internal stress-related selectivity of intermartensitic transformation is also found in other systems like Ni-Mn-Ga, Ni-Mn-Fe-Ga, Ni-Mn-In, NiFe-Ga etc. [32] [33] [34] [35] [36] [37] . Since 4L is more favorable structure because it requires less formation energy than 14L, the 80% phase fraction of 14L induces instability in the MP. Hence, to minimize the free energy of the system, the phase fraction of 4L structure increases once more.
It is very important to note that the change in phase fraction of 4L and 14L occurs at the temperatures where magnetic phase change also occurs. The thermo-susceptibility behavior in zero field cooling (ZFC) for x = 0.40 is shown in fig. 3 In Ni-Mn-Sn off-stoichiometric alloys the bond distance between Mn1 and Mn2 gives rise to the antiferromagnetism 1,24 . Thus, the bond distance between Mn1-Mn2 is deduced from the structural analysis as mentioned in Table II AFM exchange interaction exists between Mn1-Mn2 in both 4L and 14L structures. Also, the AFM exchange interaction is stronger in 14L than 4L. This is also visible from the Mn1-Mn2 bond distances in Table II . The 4L and 14L has bond distances less than 3Å implying AFM interaction. Also, the Mn1-Mn2 bond distance of 14L is less than that of 4L. Thus, the AFM interaction in 14L is expected to be stronger than that in 4L. Thus, presence of two structural phases with different strength of AFM exchange interaction alongwith FM interaction gives rise to magnetically inhomogeneous phase. Moreover, it is known that the low temperature phase consists of various martensitic variants oriented in different directions derived from high symmetry cubic phase 40 . 
IV. CONCLUSION
In the martensitic phase the co-existence of two crystal structures, change in crystal structure phase fraction with magnetic transition, co-existence of ferromagnetic and antiferromagnetic magnetic domains, and different strength of AFM coupling gives rise to structurally and magnetically frustrated martensitic phase that causes spin-glass-like behavior of Ni 2 Mn 1+x Sn 1−x (x = 0.40 and 0.44) and lead to exchange bias phenomena under ZFC. Thus, the ZFC exchange bias in Ni-Mn-Sn alloys is related to the crystal structure of martensite.
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